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DETAILED ACTION 

Claim Objections 

1. Claim 5 is objected to because of the following informalities: in claim 5, lines 3-4, 
reference to "selected from the group consisting of" is made, but only one selection is 
possible. 

Appropriate correction is required. 

Claim Rejections - 35 USC §103 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

3. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the 
various claims was commonly owned at the time any inventions covered therein were 
made absent any evidence to the contrary. Applicant is advised of the obligation under 
37 CFR 1.56 to point out the inventor and invention dates of each claim that was not 
commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 
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4. Claims 1, 2, 4 and 7 are rejected under 35 U.S.C 103(a) as being unpatentable 
over the admitted state of the prior art in view of Kawanoue et al (US 6229211). 

The admitted state of the prior art, at pages 1-4 of the specification, teaches a 
known process for making embedded multilevel interconnects. For example, the 
process includes forming a hole portion in an insulating layer (page 2, line 25 through 
page 3, line 7). Then a barrier metal film of TaN is formed on the hole portion walls, by 
a method such as sputtering (page 3, lines 5-10). An oxide film formed on a surface of 
the barrier metal film is removed by etching (page 3, lines 5-15). Then, an electroless 
plating step of immersing the barrier metal film in a plating liquid comprising copper, 
thereby forming an electroless copper plating film on the barrier metal film occurs 
(page 3, lines 15-18). 

Claim 7: Finally, an electrolytic copper plating step occurs over the electroless 
copper plating film (which thereby acts as the seed layer for the electrolytic plating) 
(page 3, lines 18-21). 

The admitted state of the prior art teaches all the features of these claims except 
(1) the element composition ratio of N/Ta (claims 1, 2) and (2) the removal step is such 
that the barrier metal film is left in such a manner that it entirely covers the inner wall 
of the hole portion (claim 4). 

However, Kawanoue teaches barrier metal films that can be used when forming 
embedded multilevel interconnection, where a copper layer is applied over the barrier 
films. Column 1, lines 5-40, column 8, lines 5-25 and Figures 3B and 3D, for example. A 
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barrier film is applied to a hole portion area of an insulating layer. Figures 3B and 3D, 
for example, and column 8, lines 5-25. The barrier film can be tantalum nitride, and can 
be formed by sputtering. Column 3, lines 50-65 and column 8, lines 5-25 and 50-65. The 
ratio of nitrogen to tantalum (N/Ta) can be 0.87, for example. Figures 3B and 3D, for 
example, and column 8, lines 5-25 ( film 34 or film 38). When copper is applied over the 
barrier film, the barrier film is provided in such a manner that it entirely covers the 
inner wall of the hole portion. Figures 3A and 3B and column 7, lines 45-55. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify the admitted state of the prior art to use a N/Ta ratio of 
0.87, for example, as suggested by Kawanoue with an expectation of desirable 
protective barrier action, because the admitted state of the prior art teaches the desire to 
provide TaN films by a method such as sputtering for forming barrier films for 
embedded multilevel interconnects, and Kawanoue teaches that TaN films provided by 
a method such as sputtering for forming barrier films for embedded multilevel 
interconnects can acceptably have a N/Ta ratio of 0.87. Furthermore, it would also 
have been obvious to modify the admitted state of the prior art to perform the removal 
step such that the barrier metal film is left in such a manner that it entirely covers the 
inner wall of the hole portion when copper coating is performed as suggested by 
Kawanoue in order to provide a desirable copper plating, because the admitted state of 
the prior art provides applying a barrier film to hole walls and etching the barrier film 
(to remove oxide) prior to applying copper and Kawanoue teaches that it is well known 
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when applying a barrier film to hole walls prior to applying copper, to have the barrier 
film covering all of the hole walls before when applying the copper. 

5. Claim 3 is rejected under 35 U.S.C 103(a) as being unpatentable over the 

admitted state of the prior art in view of Kawanoue as applied to claims 1, 2, 4 and 7 

above, and further in view of Miyamoto (US 6284649). 

The admitted state of the prior art in view of Kawanoue teaches all the features 

15 

of this claim except that the TaN film# formed by plasma nitriding tantalum. 

However, Miyamoto teaches a method of forming a tantalum nitride barrier 
layer to use in semiconductor devices, where the barrier layer is applied in a connection 
hole and then Cu is applied over the barrier layer. Column 1, line 35 through column 2, 
line 10. Miyamoto teaches that one way to achieve the tantalum nitride barrier layer is 
to apply a tantalum layer and then performing plasma nitriding to form the tantalum 
nitride. Column 10, lines 1-55 and column 9, lines 1-30. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify the admitted state of the prior art in view of Kawanoue 
to achieve the tantalum nitride barrier film by applying tantalum and plasma nitriding 
as suggested by Miyamoto in order to provide a desirable barrier film, because the 
admitted state of the prior art in view of Kawanoue teaches forming a TaN barrier film 
onto which copper is to be applied, and Miyamoto teaches that a well known way of 
achieving such a TaN barrier layer is by applying tantalum and then plasma nitriding. 
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6. Claims 5-6 are rejected under 35 U.S.C. 103(a) as being unpatentable over the 
admitted state of the prior art in view of Kawanoue as applied to claims 1, 2, 4 and 7 
above, and further in view of Wang et al "Electroless Plating of Copper on Metal- 
Nitride Diffusion Barriers Initiated by Displacement Plating" (Hereinafter Wang 
Electroless Article). 

The admitted state of the prior art in view of Kawanoue teaches all the features 
of these claims except the acid system used for the removal of oxide (claim 5) and the 
reducing agent for the electroless plating (claim 6). The admitted state of the prior art, 
page 3,lines 10-15, teaches to remove the surface of the barrier film by etching. 

However, Wang Electroless Article teaches a method of forming interconnects, 
where tantalum nitride is used as a barrier material. Page C38. The tantalum nitride is 
applied to the surface by a process such as sputtering. Page C38, column 2. Then the 
substrate with TaN is etched with HF: HNC>3:H20 solution (hydrofluoric acid: nitric 
acid: and water - a diluent of hydrofluoric acid). Page C38, column 2. This removes the 
oxide from the surface. Pages C38-C39 (see paragraph bridging pages). Then electroless 
copper plating is performed. Page C38, column 2. Moreover, Wang Electroless Article 
teaches that the reducing agent used for the electroless copper plating bath can be 
glyoxylic acid. Page C38, column 2. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify the admitted state of the prior art in view of Kawanoue 
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to etch treat the tantalum nitride film by immersing in a solution of hydrofluoric acid, 
nitric acid, and a diluent of hydrofluoric acid to remove oxide as suggested by Wang 
Electroless Article in order to provide a desirable barrier film, because the admitted 
state of the prior art in view of Kawanoue teaches forming a TaN barrier film onto 
which copper is to be applied and etching before copper plating, and Wang Electroless 
Article teaches that a well known way of achieving such etching for a TaN barrier layer 
before copper plating is by applying solution treating, which would suggest immersion 
to apply the solution, with solution of hydrofluoric acid, nitric acid and a diluent of 
hydrofluoric acid to remove oxide. It would further have been obvious to modify the 
admitted state of the prior art in view of Kawanoue to use glyoxylic acid as the 
reducing agent for the copper electroless plating bath as suggested by Wang Electroless 
Article in order to provide a desirable copper plating, because the admitted state of the 
prior art in view of Kawanoue teaches forming a TaN barrier film onto which copper is 
applied by electroless plating, and Wang Electroless Article teaches that a well known 
way of achieving such electroless plating on a TaN barrier film is by using glyoxylic 
acid as the reducing agent for the electroless plating bath. 

7. Claims 1 and 5-7 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
the admitted state of the prior art in view of Wang et al "Suppression of native oxide 
growth in sputtered TaN films and its application to Cu electroless plating" 
(Hereinafter Wang Suppression Article). 
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The admitted state of the prior art, at pages 1-4 of the specification, teaches a 
known process for making embedded multilevel interconnects. For example, the 
process includes forming a hole portion in an insulating layer (page 2, line 25 through 
page 3, line 7). Then a barrier metal film of TaN is formed on the hole portion walls, by 
a method such as sputtering (page 3, lines 5-10). An oxide film formed on a surface of 
the barrier metal film is removed by etching (page 3, lines 5-15). Then, an electroless 
plating step of immersing the barrier metal film in a plating liquid comprising copper, 
thereby forming an electroless copper plating film on the barrier metal film occurs 
(page 3, lines 15-18). 

Claim 7: Finally, an electrolytic copper plating step occurs over the electroless 
copper plating film (which thereby acts as the seed layer for the electrolytic plating) 
(page 3, lines 18-21). 

The admitted state of the prior art teaches all the features of these claims except 
(1) the element composition ratio of N/Ta (claims 1), (2) the acid system used for the 
removal of oxide (claim 5) and (3) the reducing agent for the electroless plating (claim 
6). 

However, Wang Suppression Article teaches a method of forming interconnects, 
where tantalum nitride is used as a barrier material. Page 4697. The tantalum nitride is 
applied to the surface by a process such as sputtering. Page 4697, column 2. Then the 
substrate with TaN is etched in HF: HNC&HbO solution (hydrofluoric acid: nitric acid: 
and water - a diluent of hydrofluoric acid). Page 4700, column 1. Then electroless 
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copper plating is performed. Page 4700, column 1. Optimum results are reached when 
the applied barrier film has a N/Ta ratio of 1.25. Page 4700, column 1 and page 4701, 
column 1. Moreover, Wang Suppression Article teaches that the reducing agent used 
for the electroless copper plating bath can be glyoxylic acid. Page 4698, column 1. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify the admitted state of the prior art to use a N/Ta ratio of 
1.25, for example, as suggested by Wang Suppression Article with an expectation of 
desirable protective barrier action, because the admitted state of the prior art teaches the 
desire to provide TaN films by a method such as sputtering for forming barrier films for 
embedded multilevel interconnects, and Wang Suppression Article teaches that TaN 
films provided -by a method such as sputtering for forming barrier films for embedded 
multilevel interconnects can optimally have a N/Ta ratio of 1.25. Furthermore, it would 
have been obvious to modify the admitted state of the prior art to etch treat the 
tantalum nitride film by immersing in a solution of hydrofluoric acid, nitric acid, and a 
diluent of hydrofluoric acid to remove oxide as suggested by Wang Suppression 
Article in order to provide a desirable barrier film, because the admitted state of the 
prior art teaches forming a TaN barrier film onto which copper is to be applied and 
etching before copper plating, and Wang Suppression Article teaches that a well known 
way of achieving such etching for a TaN barrier layer before copper plating is etching in 
solution, which would suggest immersion to apply the solution, with solution of 
hydrofluoric acid, nitric acid and a diluent of hydrofluoric acid to remove oxide. It 



Application/ Control Number: 10/ 809,681 Page 10 

Art Unit: 1762 

would further have been obvious to modify the admitted state of the prior art to use 
glyoxylic acid as the reducing agent for the copper electroless plating bath as suggested 
by Wang Suppression Article in order to provide a desirable copper plating, because the 
admitted state of the prior art teaches forming a TaN barrier film onto which copper is 
applied by electroless plating, and Wang Suppression Article teaches that a well known 
way of achieving such electroless plating on a TaN barrier film is by using glyoxylic 
acid as the reducing agent for the electroless plating bath. 

8. Applicant cannot rely upon the foreign priority papers to overcome this rejection 
using Wang Suppression Article because a translation of said papers has not been made 
of record in accordance with 37 CFR 1.55. See MPEP § 201.15. 

9. Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over the 
admitted state of the prior art in view of Wang Suppression Article as applied to claims 
1 and 5-7 above, and further in view of Miyamoto (US 6284649). 

The admitted state of the prior art in view of Wang Suppression Article teaches 

4 

all the features of this claim except that the TaN film jf formed by plasma nitriding 

/ 

tantalum. 

However, Miyamoto teaches a method of forming a tantalum nitride barrier 
layer to use in semiconductor devices, where the barrier layer is applied in a connection 
hole and then Cu is applied over the barrier layer. Column 1, line 35 through column 2, 
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line 10. Miyamoto teaches that one way to achieve the tantalum nitride barrier layer is 
to apply a tantalum layer and then performing plasma nitriding to form the tantalum 
nitride. Column 10, lines 1-55 and column 9, lines 1-30. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify the admitted state of the prior art in view of Wang 
Suppression Article to achieve the tantalum nitride barrier film by applying tantalum 
and plasma nitriding as suggested by Miyamoto in order to provide a desirable barrier 
film, because the admitted state of the prior art in view of Wang Suppression Article 
teaches forming a TaN barrier film onto which copper is to be applied, and Miyamoto 
teaches that a well known way of achieving such a TaN barrier layer is by applying 
tantalum and then plasma nitriding. 

10. The Examiner notes that Wang Electroless Article and Wang Suppression Article 
were both provided by applicant with the IDS statement of June 22, 2004. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Katherine A. Bareford whose telephone number is (571) 
272-1413. The examiner can normally be reached on M-F(6:oo-3:30) with the First 
Friday Off. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Timothy Meeks can be reached on (571) 272-1423. The fax phone numbers 
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for the organization where this application or proceeding is assigned are (571) 273-8300 
for regular communications and for After Final communications. 

Other inquiries can be directed to the Tech Center 1700 telephone number at 
(571) 272-1700. 

Furthermore, information regarding the status of an application may be obtained 
from the Patent Application Information Retrieval (PAIR) system. Status information 
for published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov . Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 




ATrlERINE bareford 
PRIMARY EXAMINER 



